The hypothalamoneurohypophyseal system (HNS) consists of the large peptidergic magnocellular neurons of the supraoptic hypothalamic nucleus (SON) and the paraventricular hypothalamic nucleus (PVN), the axons of which course through the internal zone of the median eminence and terminate at blood capillaries of the posterior lobe of the pituitary gland. The HNS is a specialized brain neurosecretory apparatus responsible for the production of the antidiuretic peptide hormone vasopressin (VP). VP maintains water balance by promoting water conservation at the level of the kidney. Dehydration evokes a massive increase in the regulated release of VP from magnocellular neuron axon terminals in the posterior pituitary, which is accompanied by a plethora of changes in the morphology, electrophysiological properties, and biosynthetic and secretory activity of the HNS. We wish to understand this functional plasticity in terms of the differential expression of genes. We have therefore used microarrays to comprehensively catalog the genes expressed in the PVN, the SON and the neurointermediate lobe of the pituitary gland of control and dehydrated rats. Comparison of these gene lists has enabled us to identify transcripts that are regulated as a consequence of dehydration as well as RNAs that are enriched in the PVN or the SON. We suggest that these differentially expressed genes represent candidate regulators and effectors of HNS activity and remodeling. T he hypothalamoneurohypophyseal system (HNS) consists of the large peptidergic magnocellular neurons (MCNs) (cell body diameter, 20-40 m) of the supraoptic hypothalamic nuclei (SON) and paraventricular hypothalamic nuclei (PVN), the axons of which course through the internal zone of the median eminence and terminate at blood capillaries of the posterior (neural) lobe of the pituitary gland (1). The SON is a homogenous collection of MCNs, whereas the PVN is divided into a lateral and more medial subdivision of magnocellular and parvocellular neurons respectively. Parvocellular neurons have smaller cells bodies (10-15 m) whose axons project to the external zone of the median eminence (2) and to the brainstem and spinal cord (3). Additional structural and functional components of the HNS include the associated glia (mainly astrocytes with oligodendrocytes and microglia seen rarely), blood vessels, interneurons, and afferent terminals synapsing on MCN somata and dendrites, all of which are intimately associated with MCNs and with each other.
T
he hypothalamoneurohypophyseal system (HNS) consists of the large peptidergic magnocellular neurons (MCNs) (cell body diameter, 20-40 m) of the supraoptic hypothalamic nuclei (SON) and paraventricular hypothalamic nuclei (PVN), the axons of which course through the internal zone of the median eminence and terminate at blood capillaries of the posterior (neural) lobe of the pituitary gland (1) . The SON is a homogenous collection of MCNs, whereas the PVN is divided into a lateral and more medial subdivision of magnocellular and parvocellular neurons respectively. Parvocellular neurons have smaller cells bodies (10-15 m) whose axons project to the external zone of the median eminence (2) and to the brainstem and spinal cord (3) . Additional structural and functional components of the HNS include the associated glia (mainly astrocytes with oligodendrocytes and microglia seen rarely), blood vessels, interneurons, and afferent terminals synapsing on MCN somata and dendrites, all of which are intimately associated with MCNs and with each other.
The PVN and SON are important integrative structures that regulate coordinated responses to perturbations in cardiovascular homeostasis. Through descending projections from parvocellular neurons to the brainstem, notably the rostral ventrolateral medulla, and intermediolateral cell column of the spinal cord (3), the PVN regulates changes in sympathetic nerve activity involved in blood pressure and blood volume regulation (3) . Endocrine responses are mediated through the axonal projections from SON and PVN MCNs to the posterior pituitary. The endocrine HNS is crucially involved in the regulation of osmotic stability (4) . The antidiuretic hormone vasopressin (VP) is synthesized as part of a prepropeptide precursor in the cell bodies of SON and PVN MCNs (5) . This precursor is processed during anterograde axonal transportation to terminals in the posterior pituitary gland, where biologically active VP is stored until mobilized for secretion into the circulation by MCN electrical activities evoked by hyperosmolality (6, 7) . A rise in plasma osmolality is detected by intrinsic MCN osmoreceptor mechanisms (8, 9) and by specialized osmoreceptive neurons in the circumventricular organs that project to, and regulate, SON MCNs (6, 7, (10) (11) (12) . Upon release, VP travels through the blood stream to specific receptor targets located in the kidney, where it increases the permeability of the collecting ducts to water, reducing the renal excretion of water and thus promoting water conservation.
Dehydration evokes a dramatic functional remodeling of the SON, a process known as function-related plasticity (13, 14) . A plethora of activity-dependent changes in the morphology, electrical properties, and biosynthetic and secretory activity of the HNS have been described (recently reviewed in ref. 15 ), all of which might contribute to the facilitation of hormone production and delivery and, hence, the survival of the organism. For example, alterations in the relationship between MCNs and glia, the extent of terminal contact with the basal lamina in the neurohypophysis, the type and weight of synaptic inputs, and the extent of electrotonic coupling between MCNs have all been documented (16) (17) (18) (19) (20) . This plasticity appears to be governed by a complex and dynamic interplay between the intrinsic properties of the MCN, interactions between MCNs, interactions with glia, and the influences of extrinsic synaptic inputs. However, the molecular mechanics of these processes are not well understood.
We hypothesize that dehydration-induced changes in the steady-state levels of specific RNAs might be an effective strategy for regulating and effecting HNS remodeling. Although it is known that changes in transcript abundance accompany physiological stimulation of the hypothalamus (15, 21) , as yet we have only examined the expression of a small number of genes (21). Comparison of the human and murine genomes would suggest that to be a man or a mouse requires 37,000 genes (22) , give or take a few thousand. The availability of genome information and the parallel development of transcriptomic (microarray) technologies have provided the means to answer two crucial questions: (i) what genes are expressed in the different compo-nents of the NHS, namely the PVN, the SON and the neurointermediate lobe (NIL) of the pituitary gland and (ii) what genes are up-or down-regulated in these same structures after dehydration? Thus, a number of groups have started to use microarray global gene expression profiling technologies to address the question of how many of these genes are utilized by the SON (23) and how the overall pattern of gene expression is changed in the SON by osmotic cues (24, 25) . The physiological value of this approach has been illustrated by our recent identification of IL-6 as a secretory product of the HNS (24) .
Here, we report the results of our interrogation of Affymetrix rat 230 2.0 genome chips with targets derived from the PVN, SON, and NIL of euhydrated [denoted C (control)] rats and rats dehydrated (denoted D) for 3 days. These chips probably have the most comprehensive rat genome coverage available; the 31,000 oligonucleotide probe sets represent 30,000 transcripts encoded by 28,000 genes. Stringent analysis of our results has enabled us to compile transcriptome catalogs that, with a high degree of statistical confidence, represent comprehensive descriptions of the RNA populations expressed in the different tissue components of the HNS. Furthermore, we have identified transcripts that are either up-or down-regulated as a consequence of chronic dehydration and RNAs that are particularly enriched within the PVN or the SON. These catalogs are an important resource for researchers working on all aspects of HNS physiology, including the central neurohumoral control of cardiovascular homeostasis.
Results

A Comprehensive
Catalog of the Genes Expressed in the HNS. We first used GENESPRING to compile a list of genes called present (denoted as P) in all five independent control of dehydrated SON, PVN, or NIL experiments. All marginal, absent, or unknown calls were excluded. These gene numbers are listed in Table 1 . The corresponding gene lists are transcriptome catalogs that, with a high degree of confidence, represent comprehensive descriptions of the RNA populations expressed in the different tissue components of the HNS. Files are available for download (SON-C-P, SON-D-P, PVN-C-P, PVN-D-P, NIL-C-P, and NIL-D-P SON, respectively, in Tables 3-8 , which are published as supporting information on the PNAS web site). Genes are listed according to expression levels based on mean raw data. As expected, in C and D SON and PVN, the transcripts encoding VP, and the closely related neuropeptide oxytocin, are among the most abundant.
Changes in HNS Steady-State RNA Levels After Dehydration. We then used GENESPRING to combine the control-present (denoted C-P) and dehydrated-present (denoted D-P) gene lists to produce gene catalogs that, for each tissue, represent transcripts called present in all five experiments of either the control or dehydrated (CϩD) conditions (SON-CϩD-P, PVN-CϩD-P, and NIL-CϩD-P). Note that some of these genes, although by definition called present in all of the samples of one experimental condition, may well be called absent or marginal in some or all of the samples of the other condition (Table 1 ). These combined lists were then used as the basis for further filtering and statistical analysis. First, for each tissue, lists were filtered to identify genes that are putatively up-regulated by at least 2-fold after dehydration or putatively down-regulated by at least 2-fold after dehydration. These lists were then used to statistically assess changes in the control versus dehydrated conditions (Welch t test, P Ͻ 0.05, with Benjamini-Hochberg multiple test correction). Note that the false discovery rate of this protocol is Ϸ5% of identified genes. Merging of the statistically filtered up-or down-regulated gene lists (Table 1) gave us catalogs of transcripts that are significantly changed in abundance in the SON (Table 9 , which is published as supporting information on the PNAS web site), the PVN (Table 10 , which is published as supporting information on the PNAS web site) or the NIL (Table 11 , which is published as supporting information on the PNAS web site) after dehydration. Of the genes, 183 were changed in the SON (98 up-regulated, and 85 down-regulated; Table 9 ). Fewer transcripts were regulated in the PVN (Table 10) ; only 12 were identified (11 up-regulated and 1 down-regulated). Because the PVN is a more heterogeneous cell grouping than the SON, many true differentially expressed genes may be hidden in the ''noise'' and would have been excluded by our stringent filtering criteria. Of the 12 differentially expressed genes identified in the PVN, seven were also found to be regulated in the SON (Table 2) ; six genes were up-regulated genes and one was down-regulated.
In the NIL of the pituitary, which consists of the neural and intermediate lobes, we identified 52 differentially expressed genes, 31 of which are up-regulated, with 21 being downregulated (Table 11 ). Interestingly, some of these genes are also regulated in the SON (Table 2) . Four transcripts that increase in abundance in the NIL also increase in the SON. A single RNA up-regulated in the NIL is down-regulated in the SON, whereas a further five down-regulated NIL transcripts are up-regulated in the SON. Note that only one transcript (encoding lipocalin 2) is regulated (increased) in all three tissues studied.
Transcriptome Differences Between the SON and PVN. We have also examined the phenotypic differences between the PVN and SON in terms of transcripts expressed. We compiled independently normalized GENESPRING experiments by combining the SON-C-P and PVN-C-P gene lists to give us the SONϩPVN-C-P list and by combining the SON-D-P and PVN-D-P gene list to produce the SONϩPVN-D-P list. These combined lists were then used as the basis for further filtering and statistical analysis. First, the gene lists were filtered to generate lists of genes that are putatively enriched by at least 5-fold in the control SON compared with the control PVN, in the control PVN compared with the control SON, in the dehydrated SON compared with the (Table 7) ( Table 8 ) (Table 11) We used GENESPRING to compile a list of genes called present (P) in all five independent control (C) or dehydrated (D) SON, PVN, or NIL experiments. All marginal, absent, or unknown calls were excluded. The corresponding gene lists are transcriptome catalogs that, with a high degree of confidence, represent comprehensive descriptions of the RNA populations expressed in the different tissue components of the HNS. Supporting data are available as Tables 3-11 , which are listed with the values in parentheses. We then used GENESPRING to combine the C-P and D-P gene lists to produce gene catalogs that, for each tissue, represent transcripts called present in all five experiments of either the control or the dehydrated conditions (CϩD-P lists). These combined lists were then used as the basis for further filtering and statistical analysis. First, for each tissue, lists were filtered to identify genes that are putatively up-regulated by at least 2-fold after dehydration or putatively down-regulated by at least 2-fold after dehydration. These lists were then used to statistically assess changes in the control vs. dehydrated conditions [Welsh t test, P Ͻ 0.05, with Benjamini-Hochberg (BH) multiple test correction]. Merging of the statistically filtered up-or down-regulated gene lists gave us catalogs of transcripts (Ͼ2-fold, P Ͻ 0.05) that are significantly changed in abundance in the SON, the PVN, or the NIL after dehydration.
dehydrated PVN, and in the dehydrated PVN compared with the dehydrated SON. These lists were then used to statistically assess differences between the SON and the PVN under control or dehydrated conditions (Welch t test, P Ͻ 0.05, with BenjaminiHochberg multiple test correction). We thus generated catalogs of transcripts that are significantly enriched in the control SON compared with the control PVN (150 genes; see Table 12 , which is published as supporting information on the PNAS web site), significantly enriched in the dehydrated SON compared with the dehydrated PVN (55 genes; see Table 13 , which is published as supporting information on the PNAS web site), significantly enriched in the control PVN when compared with the control SON (29 genes; see Table 14 , which is published as supporting information on the PNAS web site), and significantly enriched in the dehydrated PVN compared with the dehydrated SON (46 genes; see Table 15 , which is published as supporting information on the PNAS web site).
Discussion
Microarray analysis is an approach for expression profiling that provides the means to perform parallel analysis of tens of thousands of genes in a single assay. The results provide a quantitative assessment of whether a gene is expressed in a particular tissue or organ and whether specific transcripts are upor down-regulated or remain unchanged as a consequence of physiological and pathological cues (32, 33) .
We have interrogated Affymetix 230 2.0 rat genome chips with targets from SON, PVN, and NIL from control rats and from rats subjected to a classic osmotic stimulus, namely, 3 days of complete fluid deprivation. We have thus produced comprehensive catalogs of the genes expressed in these three brain regions in the euhydrated and dehydrated states (Tables 3-8) and described with a high degree of statistical confidence how gene expression changes as a consequence of the physiological challenge of 3 days of fluid deprivation (Tables 9-11 ). Furthermore, we have identified a number of genes that are significantly enriched in the SON compared with the PVN, and vice versa, under both euhydrated and dehydrated conditions (Tables 12-15) .
It has been pointed out that ''because of the statistical issues raised by microarray technology, it is very important that the findings be confirmed using an independent method, preferably with separate samples rather than retesting of the original mRNA. Because data resulting from a microarray are so extensive, it is impossible to retest all of the data. Nevertheless, it is incumbent upon investigators to evaluate a reasonable number of genes'' (34) . Fortunately, the literature provides ample evidence to support some of our findings. Tables 9-11 list the transcripts that are significantly changed in abundance Ͼ2-fold in the SON, PVN, and NIL after dehydration. Tables 9-11 also include literature citations that refer to descriptions of the expression of particular RNAs in the SON, PVN, or NIL. In addition, many of the transcripts that we have identified have previously been shown to be regulated at the level of their steady-state abundance by an osmotic stimulus; these papers are also cited in the tables. Thus, of the 183 transcripts identified as being differentially regulated in the SON after dehydration, 23 (13% of the total) have previously been described as being expressed in the SON, of which 11 (6% of the total) are known to be modulated by osmotic cues. We believe that this supports the validity of the approach and our data; although we concede that some of the novel transcripts identified might be false positives (the predicted false discovery rate is 5%).
We note that some genes that we might have expected to appear in our lists of differentially expressed are not represented because of our stringent filtering criteria; transcripts altered in abundance by Ͻ2-fold are excluded. Thus, for example, the prodynorphin mRNA, known to be up-regulated in the SON by dehydration (35) , is represented by two different probe sets on the array and is identified as being increased in abundance by 1.974-and 1.84-fold. We also note that some probe sets might have failed in some of all of the replicates, thus excluding them from analysis, whereas others might be saturated, which appears to be the fate of the VP probe in the SON. Note also that some genes may be absent from the array, whereas others may be represented but without the correct annotation.
We hypothesize that the many differentially expressed HNS genes identified in this study may be important mediators of HNS physiological plasticity. As such, these genes are excellent candidates for further study. Of particular interest are the statistically robust molecular responses to an osmotic cue that are common to both the SON and PVN (Table 2) . Six genes are up-regulated and one is down-regulated in the SON and PVN as a consequence of dehydration. Two of the up-regulated genes, c1q domain-containing 1 and opsin 3 (encephalopsin), have previously been described as being highly expressed in the SON (23) , where they are down-regulated by hypoosmolality (25) but up-regulated by a chronic hyperosmotic cue (23, 25) . The remaining four up-regulated genes are gonadotropin-inducible ovarian transcription factor 1 (a putative transcriptional repressor) (36), tumor necrosis factor induced protein 6 (involved in the remodeling of the extracellular matrix) (37) , solute carrier family 12, member 1 (involved in the coupled electroneutral transport of Na ϩ , K ϩ , and Cl Ϫ into cells and associated with hypertension in Japanese women) (38, 39) and lipocalin 2 (an intracellular chemical signal that delivers low-molecular-weight cargo) (40) . The single common down-regulated gene is stimulated by retinoic acid gene 6 (a retinoic acid-inducible gene encoding for a very hydrophobic membrane protein (41) . Present studies are aimed at validating these observations before determining the functions of these genes in transgenic animals.
It has been hypothesized that some transcripts that increase in abundance in the NIL as a consequence of dehydration are in fact transported from MCN cell bodies, down the axons to nerve terminals in the posterior pituitary (42, 43) . One such RNA encodes VP (44) , also identified here as being up-regulated in the NIL by chronic dehydration (Table 11 ). Furthermore, it has been suggested that some RNAs might be subject to retrograde transport from axonal compartments to the cell body as a consequence of dehydration. For example, the mRNA encoding the transcription factor c-fos (45) , which decreases in abundance in the NIL (Table 11) , increases in the SON (Table 9) . Intriguingly, transcripts encoding a number of other transcription factors are also coordinately down-regulated with c-fos in the NIL (Table 11) , namely Jun-B, and all three members of the orphan nuclear receptor 4 subfamily (Nr4a1-3). Whether these or other RNAs are subject to axonal transport remains to be determined.
We have also used our microarray data to examine the differences in the molecular phenotype of the SON and PVN. Whereas the SON is a homogenous collection of neuroendocrine MCNs, the PVN is morphologically and functionally more diverse, being divided into lateral and more medial subdivisions of MCNs and parvocellular neurons, respectively. We have compared gene expression patterns in the SON and PVN under euhydrated and dehydrated conditions and generated lists of transcripts that are enriched in the SON compared with the PVN and vice versa. These data are presented as Tables 12-15. The 5-fold enrichment cut-off was arbitrary but seems intuitively reasonable and is justified by the identification of a number of PVN-expressed genes (see below). Because all data will be available on the PNAS web site, reassessment with more or less stringent filtering criteria is at the discretion any interested party.
In the PVN, we identified 29 enriched genes in control animals (Table 14) , and 46 in dehydrated animals (Table 15) . Of these genes, 25 are common to both lists. It might be expected that many of the PVN-enriched transcripts are confined to the parvocellular cells; indeed, comparison with the literature substantiates this notion. Thus, among the PVN-enriched genes in the euhydrated state are corticotrophin-releasing hormone (46) and somatostatin (47) . Note that the transcript encoding corticotrophin-releasing hormone is no longer classified as being enriched in the dehydrated PVN, presumably because of its robust up-regulation in the SON after an osmotic stimulus (Table 9 ) (48). In the dehydrated state, the enriched transcripts include those encoding the thyrotropin-releasing hormone (49) and somatostatin receptor 2 (50), which are both known to be expressed in PVN parvocellular neurons.
In the control SON, 150 genes were classified as enriched, compared with the control PVN (Table 12) . Of the 55 enriched transcripts in the dehydrated SON (Table 13 ), 49 were also in the control SON list (Table 12) . Of the remaining six enriched transcripts only found in the dehydrated state, five (secretin receptor, dihydropyrimidinase, matrix metallopeptidase 9, the endothelial cell protein C receptor and phosphatidylethanolamine N-methyltransferase) were highly up-regulated in the SON as a consequence of dehydration (Table 9) . Of the 150 genes classified as enriched in the control SON (Table 12) , none were present in the list of 98 RNAs up-regulated in the SON after dehydration ( Table 9 ). In contrast, of the 85 transcripts downregulated in the SON by dehydration, 55 were enriched in the control SON (see Table 9 ). These data suggest a coordinated reduction in the steady-state levels of a large number of transcripts that are enriched in the control SON. One possibility is that these genes are glial-expressed; the retraction of glial processes from the SON (51) and a thinning of ventral glial limitans subjacent to the SON (52) as a consequence of dehydration are well documented phenomena. Although reduced in abundance by dehydration, 20 of these 55 genes are still classified as enriched in the dehydrated SON when compared with the dehydrated PVN ( Table 9 ). Note that a number of control SON-enriched transcripts (sulfotransferase family 1A, phenolpreferring, member 1, calcium͞calmodulin-dependent protein kinase II ␥ and angiopoietin-2) are no longer classified as being such in the dehydrated SON, presumably because of their robust up-regulation in the PVN after an osmotic stimulus (Table 10) .
Over the years, the identification of a novel gene sequence has been followed by its mapping in the brain and sometimes the description of its expression in the HNS (15) . However, this has been a somewhat haphazard process, depending on the opportunistic availability of probes and the intuition of researchers. We have now produced a definitive catalog of the genes expressed in the HNS and described how gene expression changes in the different tissues of this remarkable model system in response to dehydration. Our gene lists are freely available for download, and the raw data have been deposited in the Gene Expression Omnibus database at the National Center for Biotechnology Information (www.ncbi.nlm.nih.gov͞geo). We encourage colleagues to assess, examine, and reanalyze our data as they see fit and to share their conclusions with us and the rest of the community. Furthermore, we hope that our data will form the basis of many future physiological studies on the gene and cell networks that regulate the functioning of the HNS.
Materials and Methods
Animals. Adult male Sprague-Dawley rats (10-12 weeks old; Harlan Sera-Lab, Loughborough, U.K.) were maintained in standardized temperature (22 Ϯ 1°C) and humidity (50 Ϯ 5%) and in diurnal conditions (10 h of light͞14 h of dark; lights on at 0700). Dehydration involved complete fluid deprivation for 3 days, whereas control animals had free access to drinking water (tap). Both groups had access to food (standard laboratory rat chow) ad libitum. Three days before tissue extraction, water bottles were removed from the dehydration group at 1100. After 72 h of total water deprivation, the rats were killed (between the hours of 1100 and 1300), and the tissue was extracted and processed as described below. Control animals were also killed at the same time (between 1100 and 1300) each day.
Tissue Collection. Rats were stunned and decapitated with a small animal guillotine (Harvard Apparatus). The brain was rapidly removed from the cranium and placed in an ice-cold brain matrix (ASI Instruments, Warren, MI). Two or three sections of Ϸ1 mm of thickness were taken, and the SON and PVN were carefully dissected on a bed of ice under a dissecting microscope (Leica). The NIL was carefully removed with a pair of fine forceps from the anterior pituitary. After isolation, the samples were rinsed in RNase-free PBS then immediately placed in Eppendorf tubes containing RNAlater (Ambion) and stored for no longer than 1 month at Ϫ20 C before further processing. The above procedures were carried out in RNase-free manner. A single operative carried out all dissections.
RNA Extraction. Tissue was mechanically homogenized in QIAzol lysis reagent (Qiagen, Crawley, U.K.), and the aqueous phase was removed after centrifugation through a Phase-Lock Gel column (Eppendorf). Total RNA was purified with RNeasy Micro Kit MinElute Spin columns (Qiagen) and eluted into 14 l of RNase-free water.
Affymetrix GeneChip Analysis. All RNA work was carried out in a Template-Tamer PCR workstation (Qbiogene, Cambridge, U.K.) to provide a nuclease-free environment. The quality of the RNA is essential to the overall success of gene expression analysis using microarray technology; therefore, stringent quality checks were carried out at all stages. The concentration and purity of the total RNA samples were first assessed by spectrophotometry (Nanodrop, Wilmington, DE). Only samples with a sufficiently high yield (Ϸ1 g of total RNA from five animals at a minimum concentration of 50 ng͞l) and purity (an A260:A280 ratio of close to 2) were further analyzed for quantity and integrity with a Bioanalyzer 2100 with RNA 6000 Nano Assay (Agilent Technologies, Stockport, U.K.). Samples that met the quality control criteria were used as templates for cRNA synthesis and biotin-labeling, incorporating a single round of linear amplification by using the Message Amp II cRNA kit (Ambion, Huntingdon, U.K.). The quantity and size distribution of purified cRNA was assessed on a Bioanalyzer 2100 using RNA 6000 Nano Assay (Agilent Technologies) to ensure that the cRNA amplification was successful. Target fragmentation was achieved by incubation at 94°C for 35 min in fragmentation buffer (40 mM Tris-acetate, pH 8.1͞100 mM KOAc͞30 mM MgOAc). The size distribution of the fragmented labeled transcripts was assessed on the Agilent Technologies Bioanalyzer 2100 using the RNA 6000 Nano Assay. Samples were subsequently prepared for hybridization by using a hybridization control kit (Affymetrix, High Wycombe, U.K.). All samples were hybridized to Rat Genome 230 2.0 GeneChip arrays for 16 h in the Affymetrix GeneChip Hybridization Oven 640. After hybridization, the GeneChip arrays were stained and washed on the GeneChip Fluidics Station 450 (Affymetrix). After hybridization, washing, and staining of fragmented cRNA to GeneChip expression array probes, fluorescent signals were detected with an Affymetrix GeneChip Scanner 3000, which provides an image of the array and automatically stores high-resolution fluorescence intensity data. These data were initially documented with Affymetrix GeneChip operating software GCOS 1.2, which generates an expression report file that lists the quality control parameters. All of these parameters were scrutinized to ensure that array data had reached the necessary quality standards (scaling factor of Ͻ3-fold; average background values at 20-100; Ϸ50-70% genes called present; and the ratio of 3Ј:5Ј signal no more than 3 for housekeeping genes GAPDH and ␤-actin). All raw data have been submitted to the National Center for Biotechnology Information Gene Expression Omnibus database under the following accession numbers: GSE3110 for SON, GSE3111 for PVN, and GSE3125 for NIL.
Microarray Data Analysis. Separate microarrays (n ϭ 5) were probed with independently generated target from each tissue from either control or dehydrated rats. For each completely independent replicate, tissue from five rats was pooled for RNA extraction. Each comparison was independently normalized in accord with our standard protocol. Data were uploaded into GENESPRING software version 7.0 (Agilent Technologies) for normalization and high-level analysis as described in Results. Expression values of Ͻ0.01 were set to 0.01. Data were normalized per chip and per gene to the median. All cut-off limits were set to 0.01, and all measurements were included in the normalization. Chip normalization was achieved by dividing each measurement by the 50th percentile of all measurements in that sample. The percentile was calculated with all raw measurements Ͼ0.01. Gene normalization involved dividing each gene measurement by the median of its measurements in all samples. If the median of the raw values was Ͻ0.01, then each measurement for that gene was divided by 0.01 if the numerator was Ͼ0.01; otherwise, the measurement was thrown out.
Gene Annotations. For Tables 9-15 , all gene annotations were checked by using online tools and databases: Entrez Gene Nucleotide and Unigene (www.ncbi.nlm.nih.gov͞entrez͞query͞ static͞help͞helpdoc.html) and BLAST (www.ncbi.nlm.nih.gov͞ blast). Note that the databases are in a constant state of flux and that annotations are subject to updates, redefinition, and correction.
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